1. Introduction {#s0005}
===============

Amphisbaenians, burrowing reptiles that live as subterranean predators ([@b0055]) are poorly known ecologically due to their fossorial life style and the scarcity of researchers studying the group. Adaptations for underground locomotion include a robust skull ([@b0025]), elongated and cylindrical body covered by scales arranged in rings, rudimentary eyes (since they hunt mostly in darkness), limbless animals highly specialized for burrowing ([@b0030]).

The limited locomotor abilities of amphisbaenians should have limiting dispersal, yet worm lizards occur widely distributed throughout the tropics and subtropics including the America, Europe, the Middle East and Africa ([@b0090]). There are over 200 species in 24 genera, usually distributed in four families---Bipedidae, Amphisbaenidae, Trogonophidae, and Rhineuridae ([@b0045], [@b0035]). Species in the Trogonophidae (four genera and six species) are sand specialists found in the Middle East, North Africa and the island of Socotra, while the Amphisbaenidae is the largest and most diverse family, with about 180 species in 18 genera ([@b0050], [@b0035]).

The species belonging to Trogonophidae family, share many derived features including acrodont dentition, absence of caudal autotomy, strong craniofacial angle, short tail, enlarged sternal plate and spade-shaped head with sharp cutting edges except genus Trogonophis ([@b0045]). These morphometric features were recently described and discussed in several other new species belonging to family Amphisbaenidae such as *Amphisbaena carli* ([@b0065]), *Amphisbaena littoralis* ([@b0075]) and *Amphisbaena metallurga* ([@b0015]).

Among the four genera that belong to family Trogonophidae, Agamodon include four species Pachycalamus contain one species, Trogonophis include two species. However, Diplometopon is represented by a single species, *Diplometopon zarudnyi*, widespread in arid habitats in western Iran, southern Iraq, Kuwait, Oman, and northern Saudi Arabia ([@b0030], [@b0005]). It inhabits Aeolian sand deposits and emerges onto the surface to breed ([@b0060]) but there is little detailed information on the ecology of this species. The description of amphisbaenians have been based mainly on external morphological characters, for example, number of body annuli, segments per body annulus and number of precloacal pores ([@b0070]). Knowledge of amphisbaenian morphology is poor compared to other squamates. This paper deals with morphological characters of samples of *D. zarudnyi* collected from Al-Riyadh province, central region of Saudi Arabia.

2. Materials and methods {#s0010}
========================

2.1. Study area {#s0015}
---------------

This study was conducted within the Riyadh province (24°38′N, 46°43′E), central region of Saudi Arabia ([Fig. 1](#f0005){ref-type="fig"}).Figure 1Map showing the distribution area from which specimens of *D. zarudnyi* were recorded in the Riyadh province, central region of Saudi Arabia. Specimens recorded (●).

2.2. Sample collection {#s0020}
----------------------

A total of 133 specimens of worm lizard *D. zarudnyi* (75 males and 58 females) were collected from the study area over a period extending from October, 2013 to September, 2014.

Field trips to the study area were conducted twice per month for a period of one year. During field visits, the animals were found through active search during which notable traces left on the soil surface were searched for, followed by digging 10--30 cm depth either using hands or with the help of hoe.

2.3. Laboratory procedures {#s0025}
--------------------------

Live animals were transported to the Animal Facility Room of the Zoology Department, King Saud University, Riyadh. The characters of the external morphology of males and females were recorded for each individual. Among morphometric characters, snout-vent length (SVL), vent-tail length (VTL) and total length (TL) were measured to the nearest millimeter using metric ruler. The scales of the body annuli count were taken according to the criteria of [@b0040], pre-cloacal pores and the shields on top of the head under a dissecting microscope (Nikon, X4--X10 magnification). Measurements of the body dimensions were taken using digital calipers to the nearest 0.01 mm. The animals were treated in accordance with the standards set out in the guidelines for the care and use of experimental animals by the King Saud University, Riyadh; Kingdom of Saudi Arabia.

2.4. Statistics {#s0030}
---------------

Statistical analyses were performed using the scientific analysis software package GraphPad Prism version 5 (GraphPad Software Inc., San Diego, CA, USA). Probability level of statistical significance was tested at *P* \< 0.05 and all Statistical analyses involved the use of either one-tail (paired or unpaired as appropriate) Student's *t*-test.

3. Results {#s0035}
==========

The results of an ANOVA test for snout-vent length and vent-tail length showed only slight and inconsistent differences among samples (*P* \> 0.05) for males (SVL: $\overline{\text{X}} = 174.81 \pm 1.83\ \text{mm}$; VTL: = 14.25 ± 0.10 mm) and females (SVL: $\overline{\text{X}} = 175.67 \pm 1.40\ \text{mm}$; VTL: $\overline{\text{X}} = 13.94 \pm 0.11\ \text{mm}$). However, the relationship between SVL and VTL showed significant relationship between males (*r*^2^ = 0.44, *P* \< 0.05, *n* = 75) and females (*r*^2^ = 0.06, *P* \< 0.05, *n* = 58) ([Fig. 2](#f0010){ref-type="fig"}). Total length (TL) ranged between 148--236 mm for males ($\overline{\text{X}} = 188.98 \pm 1.90\ \text{mm}$) and 165--221 mm for females ($\overline{\text{X}} = 189.61 \pm 1.47\ \text{mm}$). However, the proportion of the tail length to the total length VT/TL ranged between 5.20--10.20 mm for males ($\overline{\text{X}} = 7.55 \pm 0.1$) and 6.09--9.10 mm for females ($\overline{\text{X}} = 7.37 \pm 0.08$) ([Table 1](#t0005){ref-type="table"}).Figure 2Relationship between snout-vent length (SVL) and Vent-Tail length (VTL) for *D. zarudnyi*, Males (A) and Females (B). Results found significant relationship between (SVL) *vs* (VTL): *r*^2^ = 0.44, *P* \< 0.0001, *n* = 75 for Males and *r*^2^ = 0.06, *P* \< 0.05, *n* = 58 for Females.Table 1Summary of the morphometric data of adult specimens of *D. zarudnyi*. Sample size for each sex shown in parentheses. Table shows mean value, standard error and Range. SVL = Snout-vent length, VTL = Vent-Tail, TL = Total-length length.Body length (mm)Male (*n* = 75)Female (*n* = 58)$\overline{\text{X}}$±SERange$\overline{\text{X}}$±SERangeSVL174.81±1.83135--221175.67±1.40151--207VTL14.25±0.111--1613.94±0.1113--17TL188.9±1.9148--236189.60±1.47165--221VT/TL%7.55±0.15.2--10.27.37±0.086.07--9.1Body Diameter8.53±0.225.1--14.37.97±0.126.1--10.4  *Body Annuli*Dorsal Annuli172.3±0.26166--178172.43±0.29165--177Ventral Annuli168.84±0.25164--175169.22±0.33164--175Caudal Annuli15.85±0.0914--1715.85±0.0913--17Lateral Annuli2--42--4  *Segment Annuli*Mid-body Segment50.6±0.2146--5450.4±0.2346--54Posterior Segment43.57±0.1939--5043.55±0.2440--49  *Other countable traits*Cloacal scales7--107--10Per-cloacal pores(4) (5) (6)(4) (5)

The meristic traits appeared to be less variable than the morphometric characters. Male (*n* = 75) and female (*n* = 58) dorsal annuli averaged 172.3 (SE ± 0.26, 166--178,) and 172.43 (SE ± 0.29, 165--177), respectively ([Fig. 3](#f0015){ref-type="fig"}F), however, the ventral annuli averaged 168.84 (SE ± 0.25, 164--175) and 169.22 (SE ± 0.33, 164--175) for males and females, respectively. Caudal annuli ranged between 14--17 ($\overline{\text{X}} = 15.85 \pm 0.09$) and 13--17 ($\overline{\text{X}} = 15.85 \pm 0.09$) for males and females, respectively, while the lateral annuli ranged between 2 and 4 for both males and females ([Table 1](#t0005){ref-type="table"}). The scales of the pectoral region for this species are similar in size to the other body scales.Figure 3Comparison of the body diameter between males (Open bar) and females (Fill bar). Results found significant differences between males and females (unpaired Student's *t*- test *P* \< 0.05).

The mean number of the mid-body segments and posterior segments per annulus for the males were ($\overline{\text{X}} = 50.60 \pm 0.21$, range = 46--54) and ($\overline{\text{X}} = 43.57 \pm 0.19$, range = 39--50), respectively does not show significant difference from respective ones in females ($\overline{\text{X}} = 50.40 \pm 0.23$, range = 46--54) and ($\overline{\text{X}} = 43.55 \pm 0.24$, range = 40--49) ([Table 1](#t0005){ref-type="table"}). Pre-cloacal scales ranged between 7--10 for both males and females ([Fig. 4](#f0020){ref-type="fig"}C), however, pre-cloacal pores showed significant variation. The majority of the specimens showed four pores (*n* = 125, 93.23%) of the total 133 specimens, whereas 7 specimens (*n* = 7, 6.01%) showed five pores and only one male specimen showed six pores ([Fig. 4](#f0020){ref-type="fig"}D). Male and female body diameter exhibited significant difference (*P* \< 0.05) ranged between 5.10 and 14.30 mm ($\overline{\text{X}} = 8.53 \pm 0.22$) and 6.1--10.4 ($\overline{\text{X}} = 7.97 \pm 0.12$) mm, respectively ([Fig. 3](#f0015){ref-type="fig"}).Figure 4The two main patterns of the head scales (A) partially bisected, (B) completely bisected; (C) Cloacal scales; (D) Pre-cloacal pores; (E) Tongue bifurcated and (F) Dorsal annuli. Scale bars = 2 mm.

Based on the large scale (post-frontal) that cover the top head, two main patterns of the head scales were observed in *D. zarudnyi*. Sixty-eight (51.13%) of the total samples \[male = 41 (60.3%), female = 27 (39.14%)\] showed partially bisected head scale ([Fig. 4](#f0020){ref-type="fig"}B). However, 56 **(**48.87%) of the total samples \[male = 35(53.85%), female = 30 (46.15%)\] showed the completely bisected head scale where the groove separated the entire scale into two parts ([Fig. 4](#f0020){ref-type="fig"}A).

4. Discussion {#s0040}
=============

The similarity of the climatic conditions as well as biological factors such as the availability of the vegetation cover among the different habitats of studied region, played a key role for wide spread of this worm lizard, *D. zarudnyi*. Additionally, a low number of predation risk due to its burrowing lifestyle as they spend most of their time under the surface of the soil. Identifications, diagnosis, and comparisons among different species of *Amphisbaena* rely mostly on similarity and are specially based on counts of body annuli, body segments, and number of pores ([@b0080]).

The morphological variation that was observed in this worm lizard in the Central region of Saudi Arabia appeared to be more expressed in the morphometric traits. Morphological characters such as pectoral region; head scales; tongue bifurcation and several other countable traits such as body length, body annuli, segment annuli, pre-cloacal scales and pre-cloacal pores were compared with other species within Amphisbaenia. The scales of the pectoral region for this species are similar in size to the other body scales, which match with the majority of all other amphisbaenians, except species that belong to the following genera: Monopeltis, Leposternon, Dalophia, Aulura, and Rhineura ([@b0045]).

The number of pre-cloacal pores in Amphisbaenia in general ranged between 2 and 12 ([@b0085], [@b0065], [@b0075], [@b0015]). Both males and females of *D. zarudnyi* have 4--6 pre-cloacal pores in a continuous series. Majority of the specimens of *D. zarudnyi* (93.23%) usually present four precloacal pores which agree with the majority of other amphisbaenians such as *Amphisbaena darwinii, A. heterozonata* and *A. trachura, A. ibijara, A. cunhai, A. medemi, A. carvalhoi* and *A. frontalis* ([@b0080], [@b0015]) but few (6.01%) have five and only one speciemen have six precloacal pores. Although most amphisbaenians possess caudal autotomy e.g. *A. metallurga* ([@b0010]), *A. Linnaeus* ([@b0075]), this morphological character is however absent in this species which is in agreement with the findings of [@b0045]. In all amphisbaenians, a bifid anterior tongue tip is present, a bifurcated tongue tip and a non-bifurcated tongue tip---for squamates. The current study showed tongue bifurcation for this species also, which supported the earlier observations of [@b0045].

The countable traits such as, body, ventral and caudal annuli, segments at mid body, pre-cloacal scales and pre-cloacal pores for specimens collected from the study area were compared with findings of [@b0020] collected from other different areas. Number of ventral annuli (164--175) observed in the present study for both male and female correspond with the findings of [@b0020] (172--180). Similarly, caudal annuli (male = 14--17) and (female = 13--17), segments at mid-body (46--54), pre-cloacal scales (7--10), pre-cloacal pores (4--6) for both males and females recorded in this study are in agreement with the reports of [@b0020].

In conclusion, Amphisbaenians are arguably one of the least-studied squamate lineages and also one of the most troublesome phylogenetically due to their extreme morphological modifications. Further research is needed in several areas to make comparisons to other squamates. Even though *D. zarudnyi* is widespread and easily observed in the study area, conclusions about the species\' social behavior and life history of this species from natural populations needed to be validated.
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